Abstract-In old individuals, regulation of blood pressure during postural changes is impaired. Several studies have assessed the clinical impact of orthostatic hypotension (OHypoT) during the aging process. By contrast, the prevalence and prognostic role of the increase in blood pressure in upright position (orthostatic hypertension, OHyperT) in old adults remain unknown. We investigated the association of OHyperT with cardiovascular morbidity and mortality in a population of old institutionalized subjects. A 2-year follow-up longitudinal study was conducted on 972 subjects ( In conclusion, in a old frail population, the increase in systolic blood pressure during upright position occurs frequently and is associated with higher cardiovascular morbidity and mortality independently of sitting blood pressure levels and major comorbidities. Health professional should take into account not only the decrease but also the increase in blood pressure when standing up. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00901355.
I n old individuals, orthostatic hypotension (OHypoT) has been related to increased risk of mortality, cardiovascular events, and falls. [1] [2] [3] [4] However, some patients present an increase in blood pressure (BP) in standing position, for example, orthostatic hypertension (OHyperT). Certain investigators have recently reported a putative correlation between OHyperT and target organ damage. 5, 6 One cross-sectional study showed an association between OHyperT and peripheral arterial disease and stroke in 800 normotensive patients aged from 40 to 75 years. 6 Similarly, a cross-sectional investigation on 241 elderly hypertensive patients showed an increased prevalence of advanced silent cerebrovascular disease in OHyperT. 5 Moreover, certain prospective trials have indicated an association between OHyperT and a higher risk of cerebrovascular disease. 7 However, there is a lack of prospective studies in old individuals with regard to strong outcomes, such as cardiovascular morbidity and mortality (CVMM). In the present study, we investigated the determinants and impact of OHypoT on CVMM in institutionalized subjects aged over 80 years.
Methods Population
This study was conducted within the framework of the Predictive Values of Blood Pressure and Arterial Stiffness in Institutionalized Very Aged Population (PARTAGE) study 8 : an observational 2-year cohort study of 1130 individuals, 878 women and 252 men, living in nursing homes. Participants were recruited by 4 French (Nancy, Dijon, Paris, and Toulouse) and 2 Italian (Cesena and Verona) university hospital centers between January 2006 and June 2008. A total of 72 nursing homes participated in this study in France and Italy. Participants were included if they were aged ≥80 years, were living in nursing homes, and had signed the informed consent. Subjects with a Mini-Mental State Examination score ≤12/30 were considered inapt to sign the informed consent and were therefore not included in the PARTAGE study. Moreover, the family and the physician of the patient were informed of the study and gave their approval. The rationale and design of the PARTAGE study have been described elsewhere. 8 
Clinical Data Collection
The collection of clinical data for the study has been described elsewhere. 8 Briefly, during the visit in the nursing home, the medical research team collected extensive information during face-to-face interviews and from the patients' medical records. The following information was recorded for each participant in a case report form: sociodemographic characteristics, medical history, chronic diseases (cardiovascular, central nervous system, and respiratory), history of falls, comorbidity, and medication use. In addition, a clinical examination of functional status, cognitive function, BP, and aortic stiffness was performed by the medical research teams. Comorbidities were quantified using the Charlson combined comorbidity index. 9 Functional status was evaluated by the Katz Index of Independence in activities of daily living (ADL). 10 Cognitive status was assessed using the Mini-Mental State Examination.
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Outcome Definition
CVMM were defined as the presence of nonfatal cardiovascular events leading to hospitalization or a specific long-term new treatment, as well as death from cardiac, cerebrovascular, and other vascular causes.
Blood Pressure Measurement
Systolic and diastolic BP (SBP and DBP) and heart rate (HR) were measured at the brachial artery level using the validated Colson DM-H20 automated oscillometric device (Dupont Médical, Frouard, France). The detailed protocol of BP measurements in this population has been described previously 12 For the 990 individuals who were able to reach and maintain a standing position, BP measurements were repeated at 1 and 3 minutes after standing position. OHypoT was defined according to American Autonomic Society or American Academy of Neurology guidelines: an SBP decrease of at least 20 mm Hg or a DBP decrease of at least 10 mm Hg at the first and third minute of standing up. 13 OHyperT was defined as an SBP increase of >20 mm Hg at the first and third minute of standing. 5 Eighteen patients presenting both OHypoT and OHyperT were excluded from the analysis.
Pulse Wave Analysis and Central Blood Pressure Measurement
Aortic pressure waveforms were obtained directly from the common carotid artery using an applanation tonometer to measure central BP values, augmentation index, and the pulse pressure (PP) amplification following a previously described protocol.
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Statistical Analysis
The total population (n=972) was divided into 3 groups according to the orthostatic BP response: orthostatic normotension (ONT; n=540), OHypoT (n=157), and OHyperT (n=275) groups.
Continuous variables are presented as means (SD) and discrete variables as percentages. The 2-tailed significance level was set at P=0.05. One-way ANOVA, followed by a Kruskal-Wallis test, was used for comparisons of continuous variables and the χ2 tests for discrete variables. Cumulated mortality curves for the various subgroups were determined according to the Kaplan-Meier method and the logrank test for 2-year CVMM. Univariate and multivariate time-to-event analyses were performed using Cox proportional hazards regression with CVMM as outcome. Results are presented as hazard ratio and 95% confidence interval (CI). A logistic regression model analysis was performed to develop a model to explain OHyperT, including sex, body mass index, age, and ADL as independent variables. Regression coefficients, odds ratios, and 95% CI were calculated. All analyses were performed using NCSS, version 9 (NCSS, LLC) software.
Results
The mean age±SD of the population (n=972) was 88±5 years and was similar in the ONT, OHypoT, and OHyperT groups (Table 1) . Female sex was more represented in the OHyperT group (82%) than in the OHypoT group (69%; P<0.01). Comorbidities and clinical scores were similar (Table 1; and  Table S1 in the online-only Data Supplement) in the 3 groups, except for the ADL index, which was lower in the OHyperT (4.9±1.0) versus the ONT group (5.2±0.9; P<0.001), and the prevalence of peripheral artery disease, which was higher in the OHypoT (11%) than in the ONT (5%; P<0.01) and OHyperT (5%; P<0.05) groups.
Standard BP in the sitting position (SBP, DBP, mean arterial pressure, PP) were higher in OHypoT than in ONT and OHyperT groups (all P<0.001 except for PP, where P<0.05; Table 1 ). HR modifications in upright position were similar in all 3 groups. As compared with the standard BP measurements, self-measured BP levels were lower in the OHypoT (SBP, 141±17 versus 146±26 mm Hg; DBP, 74±9 versus 76±12 mm Hg, P<0.001) and higher in the OHyperT (SBP, 140±16 versus 136±20 mm Hg; DBP, 74±9 versus 71±12 mm Hg, P<0.001). In the ONT group, standard and self BP measurements were similar (SBP, 135±17 versus 136±21 mm Hg; DBP, 72±9 versus 71±12 mm Hg).
Tonometry analysis revealed that the OHypoT group exhibited higher central PP and augmentation index values than the ONT group (Table 1) . For central PP, the differences were not affected by the adjustment for age and gender, although did not persist in the fully adjusted model (age and sex, mean arterial pressure, and HR; data not shown); pulse wave velocity was similar in the 3 groups.
Prevalence of OHyperT was 28% in the normotensive group (77/276), 28% in the treated hypertensive group (185/664), and 41% in the untreated hypertensive group (13/32; P=NS). Prevalence of OHypoT was 16% in treated hypertensive subjects, 17% in normotensive subjects, and 9% in the untreated hypertensive group (P=NS).
A multivariate logistic regression analysis was subsequently performed to assess the independent determinants of OHyperT (Figure 1 ). Lower ADL (odds ratio 0.77; 95% CI 0.66-0.90), female sex (odds ratio 1.62; 95% CI 1.09-2.41), and higher body mass index (odds ratio 1.04; 95% CI 1.00-1.07) were associated with a higher likelihood of presenting OHyperT. Figure 2 depicts the Kaplan-Meier for survival free from CVMM in the 3 groups. In Table 2 , it is shown that OHyperT group showed lower survival free from CVMM than the ONT group (hazard ratio 1. These results were confirmed after adjusting for several confounders (Table 3 ). In the different multivariate models, the OHyperT group showed increased risk ratio for CVMM as compared with the ONT group. This result was not modified after additional adjustment for ADL scores (data not shown).
All-cause mortality was not different between ONT and the 2 other groups (Table S2) .
Discussion
In our population of institutionalized old individuals, disturbances in BP regulation in standing position were highly prevalent (44%), with OHyperT being more frequent (28%) than OHypoT (16%). OHyperT was significantly associated with an ≈50% increased CVMM during a 2-year follow-up as compared with the ONT group, which remained unchanged after several adjustments for age, sex, sitting SBP, and major comorbidities.
In the various studies conducted to date, the prevalence of OHyperT presents high variability depending on age of included patients, presence of hypertension and of antihypertensive medication, as well as in the definition of OHyperT, ranging from 2% to 20%. 14, 15 In the present study, OHyperT was defined as an increase in SBP of ≥20 mm Hg at the first and third minute of orthostatic position, as typically reported in literature. 14 The majority of subjects included in the present study was women (77%), was hypertensive (72%), with more than half presenting a history of cardiovascular complications (52%), and was with diabetes mellitus (16%) and peripheral artery disease (6%). This is consistent with results from other studies in older individuals. 16 In OHyperT, 82% were women, while comprising 69% of the OHypoT group. As reported in literature, BP reactivity secondary to sympathetic modifications increases with age in women. 17 This could explain the higher prevalence of women in the OHyperT group.
In keeping with the literature, 6,18 peripheral arterial disease was more represented in the OHypoT group (11%) than both ONT (5%) and OHyperT (5%) groups, whereas diabetes mellitus, as well as hypertension, cardiovascular complications, and coronary heart disease, were similarly prevalent in the 3 groups.
As expected, 12 subjects in the OHypoT group presented higher sitting SBP and DBP than ONT and OHyperT groups, although they had the same number of antihypertensive drugs. This could indicate that subjects with OHypoT are less prone to be aggressively treated by physicians, 18 but, on the contrary, there is a statistical likelihood of a greater reduction in BP in standing position in patients with higher baseline BP. On the other hand, remarkably, ONT and OHyperT groups presented similar sitting BP values.
Higher central PP and augmentation index were also observed in the OHypoT group comparatively to the ONT group, which was mediated by the variation in mean arterial pressure and HR, while arterial stiffness remained similar. Considering that OHypoT and OHyperT are probably associated with greater cardiac overload, 19, 20 this may suggest a greater cardiac role than vascular structural alterations in the pattern of orthostatic pressure response.
The presence of OHyperT was mainly associated with female sex, higher body mass index, and lower ADL score. This could indicate that female subjects with overweight or obesity, which are highly dependent for routine daily activities, are more prone to present OHyperT. Age was not associated with OHyperT, which is consistent with the population sample presenting a small age range, and with the survivor effect. Throughout the literature, cross-sectional studies conducted mainly on hypertensive subjects have shown an association between OHyperT and cerebrovascular disease 5, 6 and other target organ damage 6, 20 ; moreover, prospective studies have shown that OHyperT was associated with the prevalence of cerebrovascular disease 7 and with an increased risk of developing hypertension. 21 These analyses were conducted primarily on hypertensive subjects, including young adults and older people. 22 To our knowledge, this the first study to prospectively indicate an association between OHyperT and strong cardiovascular outcome in a old frail institutionalized population. In a previous study involving this population, we showed higher mortality rates in individuals with lower SBP levels, 23 especially in those receiving >1 antihypertensive medications. 24 However, as shown in Table 3 in the present analysis, the observed overmortality in the OHyperT group persisted even after adjustment for sitting SBP levels.
The physiopathology of OHyperT remains debated. 14 In physiological conditions, the adaptive response to orthostatism includes an activation of the baroreflex system with increased activity of the sympathetic nervous system and deregulation of the parasympathic system. Consequently, HR and cardiac work increase, thus maintaining BP practically unchanged. Kario proposed a role of both arterial and cardiopulmonary baroreceptor reflex hyperactivity associated with sympathetic nervous system hyperactivation, vagal withdrawal, and adrenergic hyper-reactive vascular disease, leading to vasoconstriction of resistance arteries and increased HR.
14 Indeed, in the present study, OHyperT subjects showed a greater increase in HR at 3 minutes of orthostatic position than the ONT group. Although statistically significant, this difference between the 2 groups is clinically marginal (≈1.5 bpm). The observed delta of HR between the sitting and the standing positions was ≈10 bpm, which is consistent with data from the literature on old individuals. 25 Furthermore, it should be noted that the orthostatic increase in HR poorly reflects adrenergic response in old individuals. 26 The current study presents some limitations. In older frail subjects, cardiovascular mortality can be misdiagnosed. Furthermore, analysis of all-cause mortality did not show any significant risk ratio for both unadjusted and adjusted models (Table S2) . Orthostatic pressure response groups were defined according to a discrete cut-off value of BP orthostatic change, which did not allow building a dose response analysis. In addition, the detection of OHypoT is not reproducible in geriatric patients. 27 However, despite these limitations, the present study shows distinct differences in CVMM with a clearly better prognosis for individuals with a relative stability in BP values between the sitting and the upright position.
Perspectives
In conclusion, in a old, frail population, OHyperT is a prevalent condition, found to increase with female sex, overweight, and lower autonomy. OHyperT is furthermore related to an increased risk of CVMM, independently of comorbidities and sitting BP, and should be taken into account when dealing with elderly frail patients. 
